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INTRODUCTION
Sexually transmitted infections (STIs) are major public health problem worldwide, with Neisseria gonorrhoeae and Chlamydia trachomatis being the most prevalent bacterial STI pathogens. Early and accurate diagnosis of these STIs is necessary as delay in the diagnosis and treatment may lead to severe complications. Culture isolation of both C. trachomatis and N. gonorrhoeae is technically demanding and relatively insensitive. Of the nonculture tests available, only nucleic acid amplification testing (NAAT) is recommended for routine use. [1] For an effective and successful NAAT, two most important aspects are the proper selection of the target gene and use of specific primers amplifying the conserved region of target genes, which undergo minimal genetic changes or mutations and should have considerable differences from their commensal species. [1] porA pseudogene of N. gonorrhoeae is highly conserved, with the low genetic polymorphism and found absent in commensal Neisseria species, and sufficiently divergent from porA gene of Neisseria meningitidis. [2] opa genes of N. gonorrhoeae are family of 11 genes contained in separate loci that harbor highly conserved regions and encode proteins with physiological functions. [3] The momp gene of C. trachomatis consists of five highly conserved constant domains separated by four evenly spaced variable regions. [4] The 7.4-kb cryptic plasmid is highly conserved and essential component of C. trachomatis genome with <1% nucleotide sequence variation. It occurs as 2-10 copies per genome and contains eight open reading frames (ORFs). [4, 5] Further, CDC, Australian PHLN, and UK's HPA guidelines recommend the use of two separate NAATs targeting different genes known to have the discriminatory capacity for the detection of N. gonorrhoeae and C. trachomatis when applied to the low-prevalence setting. [1, 6, 7] Therefore, a multiplex polymerase chain reaction (PCR) targeting two different genes simultaneously, for detection of each of these two pathogens, is the need of the hour.
This study was conducted to design and evaluate a multiplex nested PCR protocol for simultaneous detection of N. gonorrhoeae and C. trachomatis in genitourinary specimens obtained from patients clinically suspected of STIs, targeting two different genes each for these pathogens and considering the variations in these genes reported in PubMed database till date.
MATERIALS AND METHODS
The study was conducted on 116 patients in the age group of 15-45 years [ Table 1 ] with 104 sexually active women attending obstetrics and gynecology outpatient department (OPD) clinics with the complaint of cervicovaginal discharge (n = 96; 92.31%), secondary infertility of undiagnosed etiology (n = 6; 5.77%), and history of recurrent spontaneous abortion (n = 2; 1.92%), and 12 promiscuous men attending Dermatology and Venereology OPD clinic with a complaint of urethral discharge and/or dysuria between April 2016 and March 2017. Women, who were pregnant or at menopause, were excluded from the study. The study was approved by the Institute Ethical Committee, IMS, BHU.
Informed consent was obtained from every patient. Anterior urethral swabs and/or expressed discharge was collected from men (n = 12). From women, either endocervical swab (n = 54; 51.92%) or clinician-collected high vaginal swab (n = 45; 43.27%) or patient's self-collected vaginal swab (n = 5; 4.81%) was collected. Samples were processed as early as possible. One of the swabs was put in an aliquot in phosphate buffered saline (PBS) (pH 7) for PCR analysis.
Direct microscopy by Gram staining was examined for the presence of pus cells and Gram-negative diplococci. For culture isolation of N. gonorrhoeae, chocolate agar plate and modified Thayer-Martin agar plate were inoculated and incubated at 37°C in 5% CO 2 . Plates were examined for growth daily for 72 h. Gram staining, oxidase test, and superoxol test were performed from colonies suspected of gonococci. Colonies which are Gram-negative diplococci, and both oxidase and superoxol test positive were presumed to be Neisseria. Rapid carbohydrate utilization test along with acidometric test and chromogenic cephalosporin disk test for β-lactamase was performed.
Antimicrobial susceptibility testing by Kirby-Bauer disk diffusion method using both Clinical and Laboratory Standards Institute guidelines and Calibrated Dichotomous Susceptibility guidelines for penicillin, ceftriaxone, cefixime, cefpodoxime, azithromycin, spectinomycin, tetracycline, and ciprofloxacin, and minimum inhibitory concentration determination by E-test method for ceftriaxone and azithromycin was performed. The novel primers were designed for multiplex nested PCR detection of N. gonorrhoeae and C. trachomatis by targeting two genes each of these bacteria. Primers for the first and second round of PCR targeting porA pseudogene of N. gonorrhoeae were designed considering porA gene sequences of all six N. gonorrhoeae strains which were enlisted in the PubMed search database [ Table 2 ].
Further, primers targeting opa gene of N. gonorrhoeae were designed considering the gene sequences of ten opa genes (opaB-opaK) of strain MS11 enlisted in the PubMed search database [ Table 2 ].
The primers targeting momp gene of C. trachomatis were designed considering the gene sequences of four variants of major outer membrane protein (momp) gene present in C. trachomatis, namely omp1, ompA, ompB, and ompC of 40 C. trachomatis strains submitted in the NCBI database, which are placed in the five highly conserved regions, with four evenly spaced variable domains in between [ Table 2 ].
The primers targeting cryptic plasmid of C. trachomatis were designed using the gene sequences of 11 variants of cryptic plasmid [5] present in different serovars available in NCBI database [ Table 2 ]. The primers were positioned in the ORF-8 region and ORF7-ORF8 interjunction.
DNA isolation was performed using clinical samples aliquot in PBS centrifuged at 10,000 g for 10 min. The pellet was suspended in 500 µl of Tris-EDTA buffer (10 mM Tris-Hcl and 1 mM ethylenediaminetetraacetic acid [EDTA] [pH 7.6]), 100 µl of 10% sodium dodecyl sulfate, and 5 µl of Proteinase K (20 mg/ml) and incubated for 2 h at 37°C. Subsequently, 100 µl of 5 M NaCl, 80 µl of 10% cetyltrimethylammonium bromide (CTAB) were added and incubated in water bath at 60°C for 10 min, then extracted with phenol:chloroform:isoamyl alcohol (25:24:1) followed by chloroform:isoamyl alcohol (24:1), and DNA precipitation using chilled isopropyl alcohol. After washing pellet with 70% ethanol, extracted DNA was suspended in 50 µl of TE buffer and is stored at −20°C. The DNA content and purity of the extracted DNA in Tris-EDTA buffer (i.e., 260/280 ratio and 260/230 ratio) were estimated using spectrophotometer (NanoDrop ® ).
About 25.0 µl of master mix for PCR was prepared using 2.5 µl Taq 10X buffer, 2 µl 10 mM dNTP mix, 0.33 µl Taq polymerase (3U/µl), 1 µl (10 pmol) each of four forward and reverse primers sets (Genei, Merck) along with 5 µl extracted DNA as template for the first cycle, and 1 µl of first-round PCR product for second-round nested PCR.
The annealing temperature for the first and second round of PCR protocol was optimized employing gradient PCR and observed to be 48°C and 51°C, respectively. Using thermal cycler (Bio-Rad, USA), the reaction mixture was subjected to 10 min of initial denaturation at 95°C, followed by 40 cycles consisting of 45 s of denaturation at 95°C, 45 s of annealing at 48°C and 51°C, respectively, for the first-and second-round PCR and 90 s of extension at 72°C, followed by 10 min of final extension at 72°C. The amplified PCR product (10 µl) was analyzed by electrophoresis in a 2% agarose gel (HiMedia, The PCR amplification of human β-globin gene sequence was employed as an internal control to assess the extraction of adequate amplifiable DNA and absence of PCR inhibitory substances in the extracted DNA, yielding 92 bp amplicon [ Tables 3 and 4 ].
The PCR protocol was optimized for the detection of N. gonorrhoeae using WHO N. gonorrhoeae reference strains (WHO-K, WHO-P, WHO-C, and WHO-O). As the reference strain of C. trachomatis or its DNA were not available in this study, the specificity of the designed primers targeting C. trachomatis was confirmed by analyzing the DNA sequencing results of ~438 bp and ~368 bp PCR amplicons of C. trachomatis momp and cryptic plasmid gene sequences, respectively, obtained from a clinical sample (Sample ID-47) and then used as in-house control.
DNA isolated from all clinical samples was subjected to multiplex nested PCR for simultaneous detection of N. gonorrhoeae and C. trachomatis. DNA sequence analysis was carried out at AgriGenome, for nested PCR amplicons obtained from clinical sample, each for N. gonorrhoeae porA pseudogene (Sample ID-50) and opa gene (Sample ID-59) and C. trachomatis cryptic plasmid gene (Sample ID-82) and momp gene (Sample ID-75) for the validation of in-house designed primers and PCR protocol.
RESULTS
On Gram staining, five of 12 urethral discharges obtained from men shown Gram-negative diplococci and also yielded N. gonorrhoeae on culture. None of the women samples shown Gram-negative diplococci on Gram staining nor yielded N. gonorrhoeae on culture. All five N. gonorrhoeae isolates obtained on culture were resistant to penicillin and ciprofloxacin, three were resistant to tetracycline, and all were susceptible to cefixime, ceftriaxone, cefpodoxime, azithromycin, and spectinomycin.
In the present study, PCR result was considered positive if it was able to yield amplicons specific for either of the two genes, porA pseudogene (~190 bp) or opa gene (~298 bp) for N. gonorrhoeae, and/or for either of the two genes, momp (~438 bp) or cryptic plasmid (~368 bp) for C. trachomatis. Table 5 ].
About 31.5% endo-cervical swabs (n = 54), 64.4% speculum assisted high vaginal swabs (n = 45), and 80% self-collected vaginal swabs (n = 5) were detected positive for either of two STIs. All five men positive for gonococcal culture, were also positive for N. gonorrhoeae by PCR, with two of them having coinfection with C. trachomatis.
Of the 39 patients which were PCR positive for N. gonorrhoeae, 36 yielded specific amplicons for both porA pseudogene and opa gene sequences. However, three patients yielded specific amplicons for opa gene sequence only. Of the 41 patients, which were PCR positive for C. trachomatis, 39 yielded specific amplicons for momp gene, whereas 18 yielded specific amplicons for cryptic plasmid gene sequence. Overall, 16 patients yielded specific amplicons for both momp and cryptic plasmid genes.
Out of six women presenting with secondary infertility of undiagnosed etiology, three women were found to be infected with C. trachomatis. Further, both women who were enrolled in the present study with recurrent spontaneous abortion had an infection with C. trachomatis.
DISCUSSION
Since 2003, the WHO recommended syndromic case management and diagnostic approach for the management of STIs in low-resource settings. Evaluations showed that the algorithm for vaginal discharge lacks both sensitivity and specificity for the identification of women with C. trachomatis and N. gonorrhoeae infection. [9] Furthermore, symptoms of both these STIs are overlapping and indistinguishable with each other and with other vaginal pathology, especially bacterial vaginosis. [10] This leads to need for a reliable and accurate diagnostic tool for prompt diagnosis of these STIs.
A study conducted at the WHO STI regional center, New Delhi, from 2002 to 2006, revealed that 68.6% specimens from men with acute urethritis (n = 563) and 0.6% from women with cervical/vaginal discharge (n = 4153) were smear positive for N. gonorrhoeae, and 76.8% specimens from men and 0.8% from women yielded gonococcus on culture isolation. [11] Similarly, we also observed poor smear positivity and culture isolation of gonococci among women.
Intra-and inter-species genetic recombination and variations occur between members of the genus. Isolates which lack sequences or have variation in sequences have been reported. Clinical gonococcal isolate with N. meningitidis porA sequence giving false-negative results using N. gonorrhoeae porA pseudogene PCR have been reported. [12] Strains exhibiting variation in the multicopy opa gene have also been reported. [3] Further, C. trachomatis strains lacking cryptic plasmid have also been reported. [13] The detection of a single-specific gene that might be acquired by a commensal isolate would lead to false-positive results, particularly in low-prevalence settings. However, simultaneous recombination and genetic variations in two genes targets that are located separately are unlikely and rare. [12] Multiplex PCR targeting two genes simultaneously may minimize the chance of false-negative PCR results. This has been observed in an earlier study, in which investigators designed Duplex PCR targeting gonococcal porA pseudogene and multicopy opa genes and was found to be superior to three monoplex real-time PCR assays. [14] In the current study, incorporation of two gene targets for PCR increased the sensitivity of detection of STIs.
Further, the nested PCR method has increased sensitivity and specificity as compared to single-round conventional PCR, because there is 2-step exponential amplification of target DNA present in clinical samples, preventing nonspecific amplification of DNA, and a reduced load of PCR inhibitors present in the clinical sample. [15] Several investigators and studies have evaluated and commented about the merits of targeting porA pseudogene [2] and multicopy opa gene [3] for molecular detection of N. gonorrhoeae, and utility of major outer membrane protein gene [4] and cryptic plasmid gene [4, 5] for molecular detection of C. trachomatis, which have been employed in this present study.
In women, the endocervical swab is the sample of choice for culture and NAAT, with clinician-collected high vaginal swabs and self-obtained low vaginal swabs as acceptable alternatives, all having better PCR positivity in hospital-based studies. [16] [17] [18] Various studies using urine samples for PCR detection of STIs yielded poor results in resource-limited settings. [18] In this study, all the three types of genital swab samples yielded positive results on PCR and found to be an appropriate sample for PCR detection of C. trachomatis and N. gonorrhoeae.
Various hospital-based studies in other parts of the country documented that 7.5% and 19.3% prevalence for gonococcal infection and 8%, 16.3%, 19.9%, and 23% prevalence for genital Chlamydiasis among symptomatic patients. [16, 17] In this PCR-based study, high positivity rate of 39.66% for gonococcal infection and 35.35% for genital Chlamydiasis among symptomatic patients has been observed.
C. trachomatis has been associated with secondary infertility and recurrent spontaneous abortion. [19, 20] Similar association has also been seen in the present study, but the number of samples included in the study is very small to reach any definite conclusion. However, it suggests investigating for bacterial STIs, especially C. trachomatis as a probable etiology or association with cases of secondary infertility or recurrent spontaneous abortion, where another etiological diagnosis cannot be established.
Out of 39 samples which were positive for opa gene, three were negative for porA pseudogene amplification. The most common cause of a false-negative result for porA pseudogene target may be due to the presence of meningococcal porA sequence in gonococci [12] which needs further evaluation.
Further, the syndromic case diagnosis and management approach, currently being practiced in most of the developing world need to be reevaluated. PCR-based diagnosis of STIs should be encouraged, and the empirical syndromic treatment if started should be modified after test results.
CONCLUSION
PCR based diagnosis of N. gonorrhoeae and C. trachomatis infections should be encouraged.
The study concludes that novel multiplex nested PCR protocol designed and employed in the present study may be used in the management of both symptomatic as well as asymptomatic cases of N. gonorrhoeae and C. trachomatis infections, particularly among high-risk groups. Incorporation of two different gene targets for each STI pathogens improved detection.
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